This case report concerns a young patient with an extremely rare combination of d-transposition of the great arteries (d-TGA) and anomalous origin of the right subclavian artery. In our patient, the right subclavian artery originated from the pulmonary artery, which is why he did not show reversed differential cyanosis. We conclude that the presence of an aortic arch anomaly should be considered in patients with d-TGA who do not present with reversed differential cyanosis. A further imaging work-up, including computed tomography or magnetic resonance imaging, might be helpful.
Thoracic and Cardiovascular Surgery, Samsung Medical Center, Sungkyunkwan University School of Medicine
This case report concerns a young patient with an extremely rare combination of d-transposition of the great arteries (d-TGA) and anomalous origin of the right subclavian artery. In our patient, the right subclavian artery originated from the pulmonary artery, which is why he did not show reversed differential cyanosis. We conclude that the presence of an aortic arch anomaly should be considered in patients with d-TGA who do not present with reversed differential cyanosis. A further imaging work-up, including computed tomography or magnetic resonance imaging, might be helpful. 
Case report
A 1-day-old boy was transferred to Samsung Medical Center for evaluation of desaturation. He was born by cesarean section due to fetal bradycardia at a local hospital and weighed 3.7 kg at birth. At the time of arrival, his blood pressure was 68/32 mm Hg, his body temperature was 36°C, his pulse rate was 140 beats per minute, and his respiration rate was 50 beats per minute. Oxygen saturation of the right arm was 90% in room air, and that of the right leg was 65%. There were no significant physical examination findings apart from a grade 2 systolic murmur on the left sternal border. A chest X-ray showed neither cardiomegaly nor increased pulmonary vascularity of either lung. Transthoracic echocardiography revealed d-transposition of the great arteries (d-TGA) and patent ductus arteriosus. However, he did not show reversed differential cyanosis during hospitalization, as is expected in patients with d-TGA. On the third day after hospitalization, balloon atrial septostomy was performed due to low oxygen saturation of 70% in the right upper limb and 40% in the lower limb. Subsequently, right upper limb saturation improved to 80%, while lower limb saturation was only 70%. After we conducted another echocardiographic evaluation due to the persistently unusual presentation of saturation, we suspected that an aberrant origin of the right subclavian artery (RSCA) from the descending aorta was the reason for the unusual saturation pattern. No further imaging work-up was carried out because that lesion did not need to be corrected clinically. At 12 days of age, an arterial switch operation for d-TGA was planned. However, during the operation, it was found that the RSCA originated from the pulmonary artery, and RSCA division was therefore conducted at the same time (Figs. 1, 2) . The surgeon performed double ligation and division of the RSCA using 5-0 polypropylene. During the operation, the cardiopulmonary bypass time and aortic cross-clamp time were 200 minutes and 143 minutes, respectively. The patient's postoperative course was smooth and stable.
This case report received an exemption from local ethics committee and the informed consent was waived.
Discussion
Our report details an extremely rare combination of d-TGA and anomalous origin of the RSCA (specifically, the RSCA originating from the pulmonary artery). Our preoperative evaluation was insufficient because an aberrant origin of the RSCA from the descending aorta was suspected.
Generally, higher oxygen saturation in the leg can only occur if oxygen saturation in the pulmonary artery is higher than that in the ascending aorta, which is indicative of d-TGA [1, 2] . However, in our patient, oxygen saturation in the right upper limb was higher, even though he demonstrated d-TGA. This unexpected finding caused confusion in the diagnosis; with this in mind, the presence of an anomalous RSCA should be considered prior to surgery. In patients with d-TGA, the deoxygenated blood from the right ventricle is pumped into the systemic circulatory system through the aorta to supply the head, neck, and upper limbs, while oxygenated blood from the left ventricle is pumped into the pulmonary circulation via the pulmonary artery [3] . This leads to higher saturation in the lower limbs than in the arms and generally suggests reversed differential cyanosis. In our case, the pulmonary artery, which received oxygenated blood from the left atrium and left ventricle, was connected to the RSCA. Thus, saturation was higher in the right hand than in the foot. We reviewed the literature on d-TGA available through PubMed and found that associated anomalies of the aortic arch are seen in approximately 15% of patients with d-TGA, with coarctation of the aorta and right aortic arch being the most common abnormalities [4] . However, to our knowledge, no previous studies have described an anomalous origin of the subclavian artery combined with d-TGA in South Korea. Generally, 'isolation' should not be confined to a subclavian artery that does not connect to the aorta, but rather to the homolateral pulmonary artery by the ductus arteriosus, whether closed or patent [5, 6] . In situations where pulmonary vascular resistance is high, there may be antegrade flow from the pulmonary artery to the RSCA, resulting in differential cyanosis with diminished oxygen saturation. It must be noted that, in d-TGA, there is also reversed Aberrant RSCA in d-TGA − 405 − differential cyanosis, as the pulmonary artery receives well-oxygenated blood from the left ventricle [7] .
Theoretically, it might be correct to describe the RSCA as originating from the right pulmonary artery by way of the ductus arteriosus. However, the surgeon described the origin of the RSCA in our patient as the main pulmonary artery or between both pulmonary arteries, instead of the right pulmonary artery. Nonetheless, the position of an abnormal RSCA could be different in a heart with anomalous great arteries. Therefore, it was not easy to define the origin precisely in our patient, and we think that it is most accurate to say that it originated from the pulmonary artery.
The diagnosis of anomalous origin of the RSCA from the pulmonary artery can be predicted by the clinical presentation of a patient with d-TGA. The ability to make a definitive diagnosis based on echocardiography might be limited. Generally, an aberrant origin of the RSCA can be suspected when the RSCA is not traced from the innominate artery, but echocardiographic confirmation of its origin can be highly challenging. This was the reason why an aberrant RSCA originating from the descending aorta was suspected in our patient after repeated echocardiographic evaluations. Therefore, further imaging modalities such as computed tomography, magnetic resonance imaging, or angiography should be recommended when a patient shows an unexpected saturation pattern. Techniques for managing this condition include simple ligation of the subclavian artery and surgical reimplantation of the RSCA [8] .
In conclusion, this case represents an instance of anomalous origin of the RSCA in a patient with d-TGA. An aortic arch anomaly should be considered in patients with d-TGA who do not present with reversed differential cyanosis, and a further imaging workup, including computed tomography and/or magnetic resonance imaging, should be performed prior to the arterial switch operation.
